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Evaluation of the Trends of Stomach Cancer Incidence in
, these indicators have a rising trend in East Asian developing countries (Eichelberger et al., 2015) . In view of that, about two-thirds of stomach cancer cases occur in Asian people (Colquhoun et al., 2015) . More specifically, stomach cancer with about 7300 cases per year is the third most common cancer in Iran which is a developing country located in southwest Asia (Movahedi et al., 2009) . In other words, Iran has the highest rate of stomach cancer among Middle East countries (Mohagheghi et al., 2009) . Studies conducted on Iranian population showed that the Age-Standardized Incidence Rates (ASIR) of stomach cancer has increased from 11.37 per 100000 in 2003 to 15.21 per 100000 in 2006 for males and from 5.20 per 100000 to 6.89 per 100000 for females in the mentioned period (Mousavi et al., 2009 ).
The wide variation in geographical distribution of stomach cancer incidence and mortality rates is the main characteristic of this cancer in Iran . For instance, ASIR in northwestern provinces of Iran (Ardebil: 49.1 for males and 25.4 for females) are higher than that in the southern regions (Kerman: 10.2 for males and 5.1 for females) Movahedi et al., 2009; Almasi et al., 2015) . However, it is suggested that variations in incidence and mortality rates are due to differences in dietary patterns, environmental risk factors, availability of fresh products, and lifestyle (Torre et al., 2015) . In view of that, studying trends of stomach cancer incidence and mortality in different regions could provide an opportunity for health policy makers to monitor risk factors of this cancer and make purposive decisions about distribution of health services in each geographical area.
Many studies have been previously conducted about stomach cancer epidemiology and its risk factors in different regions of Iran (Sadjadi et al., 2003; Behrouzian and Aghdami, 2004; Alireza et al., 2005; Yazdizadeh et al., 2005; Samadi et al., 2007; Malekzadeh et al., 2009; Mohagheghi et al., 2009; Mousavi et al., 2009; Movahedi et al., 2009; Radmard, 2010; Almasi et al., 2015; Amin et al., 2015; Baeradeh et al., 2015; Khaleghian et al., 2015) . However, our literature review showed that no comprehensive time trend study has been conducted yet to assess the stomach cancer incidence rates in different districts of Iran. With regards to the lack of related studies in one side and the importance of evaluation of the time trend of the cancer incidence on the other side, we decided to explore age-standardized time trend pattern of the cancer incidence among both sexes in different districts of Iran from 2000 to 2010. To do this, we applied random effects and random effects Markov models for modeling our longitudinal data.
Materials and Methods
Data source and data preparation
The cases of cancer are mostly registered via a pathology-based system in Iran. According to the regulations designed by the Ministry of Health and Medical Education (MOHME), all pathology labs are obliged to regularly report new cases of cancer to medical universities. The MOHME collects the related data from all universities at the end of each year. Using IARC software, data sets are combined by cancer registry office in MOHME. After primary processes, this office makes the data available for researchers. In our study, we used stomach cancer incidence data set collected from 2000 to 2010. We did not access the data about the year 2006 because this data set was not validated. Therefore, in this study the data about incidence of stomach cancer collected during 10 years. This data set included 31 provinces, 376 districts, and 49917 cases.
First, all individuals with more than 15 years of age were selected. Annual crude incidence rates were calculated in all districts by sex. A direct method of age standardization was used to adjust the effect of variations in age distribution across districts.
Statistical analysis
As mentioned there is an almost high variation of stomach cancer incidence rates in Iran. Thus, to achieve the applicable and realistic results it is necessary to control several sources of variation. On the other hand, the simple and easy to interpret models are advised. Therefore, we suggested a random effect approach to model the trend of stomach cancer incidence in Iran.
Random effect models are able to capture unobserved individual heterogeneity (Diggle et al., 2002) . Since in our study we defined districts as individuals, many sources of heterogeneity in districts were covered in random effect component of the model. One of the most important sources of heterogeneity could be the percentage of incomplete data at each district. Incompleteness not only differed from a district to another one but also was changing over time. It was the main idea for introducing the model below with random effect of year:
Where Y it and e it indicate ASIR and error term for district i in year t. Also, b i~N (0,σ b 2 ) and e it~N (0,σ b 2 ) are random component and error term which have normal distributions (Diggle et al., 2002) . Although random effects model is able to control heterogeneity sources, it does not consider all types of contagion. The contagion is a critical characteristic of longitudinal analysis that is ignored in most of applications. Aitkin and Alfo 2003 studied this concept. It is consisted of true and apparent contagion. Apparent contagion occurs when individuals are drawn from heterogeneous population and are captured by the random effect model (Aitkin and Alfo, 2003) .
As mentioned above, there is another type of contagion called true contagion. It is based on the assumption which says future outcomes are directly influenced by the past values (Aitkin and Alfo, 2003) . As an example, in our study, the incidence rate in a specific year depends on the incidence rate of the preceding years. The best approach to deal with this phenomenon is to consider lag responses in the model. Therefore, we suggest an alternative model based on random effect component and lag responses that called random effect transition model:
Where Y i(t-1) denotes the value of response in one time before the present response.
We fitted both suggested models to compare the results obtained from the two approaches. In both models β 1 is the slope of changes in ASIR of stomach cancer calculated for every new year. When true contagion is negligible, it is expected to have equal β 1 estimated by the two models. On the other hand, in the presence of true contagion, the results of random effects model could be misleading.
Results
Evaluation of ASIR of stomach cancer showed a DOI:http://dx.doi.org/10.7314/APJCP.2016.17.2 
Differences in incidence rates between males and females strongly support the idea of higher incidence rate of stomach cancer among males than females. For instance, mean incidence rate for males in 2010 was 2.02 times more than that for females in the same year. However, this ratio was not constant for all the studied years. As another example, the incidence rate was 2.99 in 2004. For more clarification mean, median, maximum and minimum of age standardized incidence rates for both sexes are illustrated in Figure 1 .
As shown in Table 1 , there is a relatively high variation in stomach cancer incidence in Iran districts. It is supported by high values of standard deviation of incidence rates. The standard deviation of incidence rates was 65.57% in males and 69.24% in females in 2010. Finally, of the medians were lower than the means in all years except for females in 2004 (the median was 1.81 case per 100,000 persons higher than the mean). Therefore, the distribution of ASIR of stomach cancer is right skewed.
We aimed to detect changes in cancer stomach incidence rates based on the specifications of each district. Estimated coefficients of year in fitted models that were explained in method section could be interpreted as the main aim of this study. Therefore, we summarized the results of both models for both sexes in Table 2 . As shown, Akaike's information criterion (AIC) for the models with lag responses is considerably lower than simply random effect model. In males, AIC of random effects model was 22311.6 while AIC of random effects Markov model was 19089.2. The difference between AIC values in females was 2454.8. In addition to the better fit, random effects Markov model lead to a more realistic coefficient for the slope of trend. The random effects model showed that the incidence rate of stomach cancer for males and females, respectively, increased by 2.38 and 0.87 person every year. However, after adjusting for the previous responses, the random effects Markov model showed an increasing rate of 1.53 and 0.75 for men and women, respectively.
Discussion
In this study, we showed that the incidence of stomach cancer rose from 2000 to 2010 in different districts of Iran. Using simple random effect model, the slopes of ASIR changes were estimated as 2.38 and 0.87 in males and females, respectively. Using the random effect Markov model, these values were estimated as 1.53 and 0.75, respectively. Considering the significant differences between estimated values and goodness of fit criteria, we concluded that true contagion affected the results. Therefore, we suggest results of random effects Markov model which can adjust the effect of this type of contagion and achieve more inferences that are reliable.
The review of literature on stomach cancer in Iran showed that incidence of this neoplasm has had an increasing trend during recent years. Almasi et al. in 2005 (Almasi et al., 2015 , Enayatrad and Salehiniya in 2014 (Enayatrad and Salehiniya, 2014) , and Najafi et al. in 2011 (Najafi et al., 2011 reported the increasing trends in national and some subnational areas. In addition, in line with the global findings (Brenner et al., 2009; Cancer, 2014; Colquhoun et al., 2015; Torre et al., 2015) , Etemad and Gooya in 2009 (Agahjani H, 2008) in a study on Iranian population reported that the incidence of stomach cancer in males is twice more than that in females. Our results are in agreement with these studies. In addition, we also found that slope of changes in incidence rates in males was two times more than that in females.
Considering the geographical distribution of stomach cancer incidence in Iran, it seems that the northern and northwestern areas had higher incidence rates, the central and western areas had medium incidence rates, and the southern regions had low incidence rates. ) conducted a review study and investigated the incidence rates of stomach cancer in different areas of Iran. Based on their study, Ardabil in northwest of Iran had the highest ASIR with 49.1 and 25.4 per 100,000 population for males and females, respectively (Sadjadi et al., 2003) . In Tehran, as a province that is located in the central part of Iran, the ASIR was calculated as 19.8 and 10.0 for males and females, respectively (Mohagheghi et al., 2009 ). Our results are in line with the results of previous studies about the geographical pattern of stomach cancer ASIR in districts level. In contrast, some districts in provinces with high ASIR had low ASIR; on the other hand, some districts with high ASIR were located in low risk provinces. These contradictions provide a strong reason to explore stomach cancer ASIR at district level instead of province or national level. In addition, the descriptive statistics presented in Table 1 verified our hypothesis to conduct analysis at districts level. For instance, the range of ASIRs was relatively wide and had a large standard deviation in comparison with the mean ASIRs.
As mentioned, the cancer registry in Iran is conducted mostly via a pathology-based system. This kind of registration is less efficient than population-based registration. This limitation may affect results of every study conducted on cancer. Lack of effective covariates in our models was another likely limitation of our study. In addition, there are several more complex statistical models which could cover and investigate spatial correlation and time effect simultaneously. We did not use these models because of computational limitations. As we tried to control the effect of incompleteness of cancer registration system via introducing a random effect component, future research is recommended to calculate and apply the incompleteness values.
Eventually, this study revealed that there are remarkable differences in ASIR of stomach cancer among different areas of Iran. These differences can be observed not only in provinces but also in districts. The mentioned differences not only leads to an increase in the trend of stomach cancer ASIR, but also highlights the need for making a comprehensive and purposeful plan to control stomach cancer in all districts.
